Introduction: In order to diagnose and stage malignant bone tumors, the pathologic examination of harvested pieces with immunohistochemistry test is necessary; they also provide information regarding the prognosis on a medium to long term. Among tissular biomarkers with potential predictive value, a raised Ki-67 protein level is used to determine the risk of local recurrence or metastasis. Material and method: This study was performed on 50 patients with primary malignant bone tumors admitted in the . Patients repartition according to diagnosis was the following: 21 patients with osteosarcoma, 18 patients with chondrosarcoma, 6 patients with Ewing sarcoma, 3 patients with malignant fibrous histiocytoma, and 2 with fibrosarcoma. The follow-up period was between 12 and 72 months with a mean of 26 months. Results: Patients were aged between 18 and 77 years old, with a mean age of 41,36. There were 22 women and 28 men. No sex or age difference was notable for the tumor outcome. After calculating the Ki-67 LI, 36 patients were included in the high-risk group (Ki-67 LI > 25%), while 14 had a low risk for metastasis and local relapse (Ki-67 < 25%). The lowrisk patients had chondrosarcoma (8 patients), osteosarcoma (5 patients), and fibrosarcoma (1 patient). During the follow-up, 8 patients, all belonging to the high risk group, developed metastasis, while 5 patients developed local recurrences; 4 patients who relapsed belonged to the high risk group and 1 to the low risk group. Metastases developed in 3 patients with osteosarcoma, 2 with Ewing sarcoma, 2 with chondrosarcoma and 1 patient with fibrosarcoma. Most metastases occurred within one year after surgery. The other fibrosarcoma patient developed local recurrence after 6 months, while the other local recurrences occurred in osteosarcoma patients (2 cases) and 1 in a Ewing sarcoma patient and chondrosarcoma patient. Conclusions: Our study concluded that while Ki-67 LI values are useful in determining the aggressivity of primary malignant bone tumors, it should always be used in conjunction with the clinical, imaging and anatomopathological diagnosis methods in order to accurately predict the patients' outcome. Keywords: Ki-67, malignant bone tumor, metastasis, local recurrence, immunohistochemistry Romanian Journal of Orthopaedic Surgery and Traumatology 2019; 2(2): 91-95 ROMSOS, SROA © 2019 Romanian Journal of Orthopaedic Surgery and Traumatology 2019; 2(2): 91-95 ROMSOS, SROA
Introduction
Primary malignant bone tumors are relatively rare compared to other neoplasms, with an annual incidence of nearly 10 cases in a million [1] . The most frequent primary malignant bone tumors are osteosarcomas (~35%), chondrosarcomas (~25%), Ewing sarcomas (~16%), followed, at great length by fibrosarcomas and malignant fibrous histiocytomas (under 5%); the malignant vascular bone tumors and adamantinomas are extremely rare [2] . In order to avoid diagnosis errors as well as to adopt an optimal therapy, the existence of specialized diagnostic and treatment centers is mandatory, as is a multidisciplinary team made up of orthopaedic surgeons, radiology specialists, and pathologists.
In order to diagnose and stage malignant bone tumors, the pathologic examination of harvested pieces with immunohistochemistry test is necessary; they also provide information regarding the prognosis on a medium to long term. Among tissular biomarkers with potential predictive value, a raised Ki-67 protein level is used in various malignancies, such as prostate, breast or brain cancer to determine the risk of local recurrence or metastasis. The Ki-67 antigen is probably associated with cellular proliferation, its expression being highest in the G1, S-G2 and M phases of the cellular cycle, while Ki-67 is absent in G0-phase cells [3] . Thus, immunohistochemical stains using anti-Ki-67 monoclonal antibodies allow a rapid evaluation of the tumoral samples, without other preparations.
The authors of this article presented a retrospective study about the correlation between the Ki-67 antigen levels and the rate of post-surgery local recurrences or metastasis in treated primary malignant bone tumors.
Material and method
This study was performed on 50 patients with primary malignant bone tumors admitted in the Traumatology and Orthopedy Department of University Emergency Hospital, Bucharest. The patients' repartition according to diagnosis was the following: 21 patients with osteosarcoma, 18 patients with chondrosarcoma, 6 patients with Ewing sarcoma, 3 patients with malignant fibrous histiocytoma, and 2 with fibrosarcoma. Following the clinical and imaging exams, the patients were diagnosed with limbs bone tumors, the tumoral samples being submitted to biopsy and pathological examination, which established the definite diagnosis. All patients underwent surgical treatment by resection-reconstruction technique followed by adjuvant oncological therapy according to the histological type and location of tumor. The follow-up period was between 12 and 72 months with a mean of 26 months.
After the removal of the tumors, the tissue fragments were sent for processing and examination to our Department of Pathology. Samples of tissue were fixed with 10% buffered formalin and sent for histopathological processing by conventional method using paraffin inclusion and Hematoxylin-Eosin (H&E) staining. Also, immunohistochemical (IHC) tests were performed. The paraffin blocks acquired by histopathological processing were sectioned at microtome resulting 3-μmthickness sections mounted on slides covered with poly-L-lysine. After that, the sections were deparaffinized in toluene and alcohol successive baths, one hour, 15 minutes by bath and rehydrated (three successive alcohol baths with decreased concentration: 96%, 80% and 70%, 10 minutes in each bath, followed by a bath with distilled water, the sections being held for 10 minutes). These steps were followed by washing in phosphate saline buffer (PBS), incubation with normal serum, for 20 minutes, incubation with primary antibody overnight, Dako LSAB kit, washing in carbonate buffer and development in 3,3'-diaminobenzidine (DAB) hydrochloride/ hydrogen peroxide and nuclear counterstaining with Mayer's Hematoxylin.
The following antibodies from NeoMarkers LabVision were used: Ki67, s100, D2-40, CD99, Top2alpha, vimentin, and P53.
The percentage of Ki-67 positive cells in each sample was quantified in 1000 cells and expressed as Ki-67 labeling index (Ki-67 LI) with a value over 25% being considered significant.
Results
50 cases with primary malignant bone tumors were admitted in our department and included in this study. Patients were aged between 18 and 77 years old, with a mean age of 41,36. There were 22 women and 28 men. No sex or age difference was notable for the tumor outcome. 21 patients were diagnosed with osteosarcoma, 18 patients with chondrosarcoma, 6 patients with Ewing sarcoma, 3 patients with malignant fibrous histiocytoma and 2 with fibrosarcoma. After calculating the Ki-67 LI, 36 patients were included in the high-risk group (Ki-67 LI > 25%), while 14 had a low risk for metastasis and local relapse (Ki-67 < 25%). The low-risk patients had chondrosarcoma (8 patients), osteosarcoma (5 patients), and fibrosarcoma (1 patient).
All patients with chondrosarcomas with an increased risk of relapse were all grade 2 or 3 (Fig. 1) . The grading of these tumors was based on cellularity and nuclear changes of the malignant chondrocytes: well, moderate or poorly differentiated correspond to grades 1-3; grade 4 was spindled tumor representing either chondroblastic osteosarcoma or dedifferentiated chondrosarcoma. Also, all the chondrosarcomas, which at the time of initial diagnosis had invasion of the skeletal muscle ( Fig. 2) and frequent hemorrhagic areas (Fig. 1,2) , were considered to have a high risk of metastasis or recurrence. From the immunohistochemical point of view, all highrisk tumors had a Ki67 index above 25% (Fig.  4,5) . During the follow-up, 8 patients, all belonging to the high risk group, developed metastasis, while 5 patients developed local recurrences; 4 patients who relapsed belonged to the high risk group and 1 to the low risk group. Metastases developed in 3 patients with osteosarcoma, 2 patients with Ewing sarcoma, 2 patients with chondrosarcoma and 1 patient with fibrosarcoma. Most metastases occurred within one year after surgery. The other fibrosarcoma patient developed local recurrence after 6 months, while the other local recurrences occurred in osteosarcoma patients (2 cases) and 1 in a Ewing sarcoma patient and chondrosarcoma patient (Table 1) . 
Discussions
Although no definite conclusion could be drawn from our data, due to the lack of a statistical significance, a certain pattern could be observed regarding the Ki-67 LI significance. In patients with Ewing sarcoma, a tumor well known for its aggressivity, all Ki-67 values were high and 3 out of 6 patients relapsed. On the other hand, while having relatively low Ki-67 LI values, the 2 patients with fibrosarcoma both developed recurrences or metastases and the malignant fibrous histiocytoma patients had good long-term outcomes, despite their highvalue Ki-67 LI. Thus, we theorized that Ki-67 LI is a more useful predictive statistical factor rather than an individual predictive factor, i.e. Ki-67 LI should be used as an aid to histopathologic evaluation particularly in those instances in which the pathologic criteria are not very well defined, and a long-term prognosis is hard to postulate. In any case, Ki-67 staining should always be used in conjunction with the other diagnosis methods and should never be employed as a single predictive factor for the patient's outcome.
In our study, there were only 3 patients with malignant fibrous histiocytoma and all underwent chemotherapy, which can account for the favorable outcome.
Five out of 21 patients with osteosarcoma (25%) developed recurrences or metastases, all of them having a high Ki-67 LI value, thus confirming our theory that for larger groups of patients the Ki-67 levels correlate with the aggressivity of the tumor.
All metastasis cases were pulmonary metastases and had a high Ki-67 LI, which correlated with other studies in literature [4] . Also, most metastases occurred within one year after surgery, confirming previous observations that a high Ki-67 LI value correlates with early metastasis [5] .
